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DEVICE FOR SIMULTANEOUS DISPLAY OF VIDEO AT TWO RESOLUTIONS 
WITH DIFFERENT FRACTIONS OF ACTIVE REGIONS 

Field of the Invention 

5 The present invention relates to displaying video images 

generally and, more particularly, to a device for simultaneous 
display of video at two resolutions with different fractions of 
active regions. 

10 Background of the Invention 

Conventional video displays (e.g., televisions, monitors, 
etc.) can include a cathode ray tube (CRT) . CRT displays generally 
present a picture or video image via a raster created by horizontal 
and vertical scanning of an electron beam. Although the exact 

15 number of scans per second and the methods of scanning can vary, 
the basic scanning arrangement is almost universally implemented. 
The image on a CRT display is formed by fine lines that are 
generated by moving the electron beam rapidly from left to right 
and back to left, while simultaneously moving the electron beam 

20 gradually downward. When the electron beam reaches the bottom of 
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the screen, the beam returns to the top of the screen. The left- 
to-right and downward motions occur with the electron beam 
controlled by picture or video information, while the right-to-left 
motion (e.g., horizontal retrace, or flyback) and the vertical 
motion (e.g., vertical retrace), are performed with the electron 
beam off (or blanked) . 

Referring to FIG. 1, a diagram illustrating an analog 
video signal 10 is shown. The analog video signal 10 has an active 
portion and an inactive portion. The active portion contains the 
picture information (or image) to be displayed (e.g., visible 
lines) . The inactive portion generally does not contain any video 
information. The inactive portion generally includes 

synchronization and blanking information (e.g., horizontal and 
vertical) that allows the electron gun to perform the horizontal 
and vertical retraces. For example, the inactive portion of the 
analog video signal 10 has a vertical blanking period 12 (for each 
field in an interlaced image or frame in a non-interlaced image) 
and a horizontal blanking period 14 (for each field/ frame line) . 

Referring to FIG. 2, a diagram illustrating a video image 
20 is shown. The video image 20 has an active region (or area) 22. 
The remainder of the image 2 0 is an inactive region (or area) . 
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When a digital video signal is to be converted to an analog video 
signal, the digital signal generally comprises the entire picture 
to be presented, including the horizontal and vertical blanking 
intervals (i.e., the inactive area). 
5 In conventional systems, a portion of the active region 

22 of the video image 20 is overscan. The overscan portion allows 
the image 20 to fill the entire viewable area (e.g., on consumer 
monitors and televisions) . The overscan portion can contain actual 
image data. However, the overscan portion generally falls outside 

10 the viewable area of the screen. 

When a digital video decoder is connected to a video 
digital-to-analog converter (DAC) , the signal exchanged between the 
two devices is a sampled version of the entire picture (i.e., 
luminance (Y) and chrominance (Cr and Cb) components interleaved) . 

15 The sampling rate (i.e., samples / line) as well as the number of 
active and inactive lines typically conform to a predefined 
standard (e.g., NTSC, PAL, etc.) that allows for interoperability 
of various devices. 

Standard scanning formats currently in use include 

20 standard-definition (SD) video signals (i.e., 480i, where i 
indicates * a frame comprises two interlaced fields) and high- 
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definition (HD) video signals (i.e., 1080i and 720p, where p 
indicates a progressive scan or non-interlaced image) . The number 
of high-definition television (HDTV) sets is growing. However, a 
large installed base of standard definition (SD) equipment is still 
available . 

It would be desirable to have an apparatus and/or method 
for simultaneous display of video at two resolutions with different 
fractions of active regions. 

SunrmarY of the Invention 

The present invention concerns an apparatus comprising a 
first circuit and a second circuit. The first circuit may be 
configured to present a decoded video signal- The second circuit 
may be configured to generate (i) a first video output signal 
having a first resolution and (ii) a second video signal having a 
second video resolution in response to the decoded video signal. 

The objects, features and advantages of the present 
invention include providing an apparatus and/or method for 
simultaneously displaying video at two resolutions with different 
fractions of active regions that may (i) simultaneously display 
both standard resolution and high resolution video images, (ii) 
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scale video data to balance resolution and visible picture area, 
(iii) generate two video output resolutions from a single video 
input, (iv) allow user control of video scaling and/or (v) read 
video data once while simultaneously scaling the video data for two 
5 resolutions. 



Brief Description of the Drawings 

These and other objects, features and advantages of the 
present invention will be apparent from the following detailed 
10 description and the appended claims and drawings in which: 

FIG. 1 is a diagram illustrating an analog video signal; 
FIG. 2 is a diagram illustrating active and inactive 
portions of a video image; 

FIG. 3 is a diagram of a video decoding device; 
15 FIG. 4 is a block diagram of another video decoding 

device; 

FIG. 5 is a block diagram of a video decoding device in 
accordance with a preferred embodiment of the present invention; 

FIG. 6 is a block diagram of a video decoding device in 
20 accordance with another embodiment of the present invention; 
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FIG. 7 is a block diagram of a video decoding device in 
accordance with still another embodiment of the present invention; 
and 

FIG. 8 is a flow diagram illustrating a scaling process 
in accordance with a preferred embodiment of the present invention. 

Detailed Description of the Preferred Embodi ments 

Referring to FIG. 3, a block diagram of a video decoding 
device 30 is shown. The device 30 may comprise a video decoding 
block 32 and a memory 34. The decoding block 32 may comprise a 
decoder circuit 36, a scaler circuit 38 and a video output circuit 
40. An encoded video signal is generally presented to an input 42 
of the video decoding block 32. After the encoded video is 
decoded, the decoded video may be stored in the memory 34. Each 
picture (e.g., video information) is generally read from the memory 
34 by the scaler circuit 38. The scaler circuit 38 is generally 
configured to scale the video information read from the memory 34 
and store the scaled video information back to the memory 34. The 
scaled video information is generally read from the memory 34 by 
the video output circuit 40 and presented as an analog video signal 
at an output 44 of the video output circuit 40. 
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The memory 34 may be implemented externally from the 
decoding block 32. The memory 34 may be implemented, in one 
example, as random access memory (RAM) . However, other types of 
storage devices may be implemented accordingly to meet the diesign 
criteria of a particular application. 

Referring to FIG. 4, a block diagram of a video decoding 
device 50 is shown. The device 50 generally comprises a decoding 
block 52 and a memory 54 . The decoding block 52 generally 
comprises a decoder circuit 56, a scaler circuit 58 and a video 
output circuit 60. An encoded video signal is generally presented 
to an input 62 of the video decoding block 52 . After the encoded 
video is decoded, the decoded video may be stored in the memory 54 . 
Each picture (e.g., video information) may be read from the memory 
54 by the scaler circuit 58. The scaler circuit 58 may be 
configured to scale the video information read from the memory 54 
and present the scaled video information directly to the video 
output circuit 60. The video output circuit 60 may be configured 
to present the scaled video information as an analog video signal 
at an output 64 . 

The memory 54 may be implemented externally to the 
decoding block 52. The memory 54 may be implemented, in one 
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example, as random access memory (RAM) . However, other types of 
storage devices may be implemented accordingly to meet the design 
criteria of a particular application. In general, the circuit 50 
is configured such that the data may transfer directly from the 
5 scaler circuit 58 to the video output circuit 60 without being 
stored back to the memory 54. The circuit 50 is generally more 
efficient than the circuit 30, in that less space in the external 
memory 54 is used and less bandwidth is used for scaling and 
display. 

10 The decoder circuits 32 and 52 may be configured to 

decode an encoded video stream that approximately comprises the 
active area to be displayed. In one example, the encoded video 
stream may have a resolution different from the display (or 
^'scanning") resolution. For example, two standard scanning formats 

15 are generally summarized in the following TABLE 1: 



TABLE 1 



20 



Name 


Active 

samples/line 


Total 

samples/line 


Active 
lines/frame 


Total 

lines/ frame 


ANSI/SMPTE 293M-1996 
(480i) (standard 
definition or SD) 


720 


868 


483 


535 


ANSI/SMPTE 274M-1995/2 
(1080i) 

(high definition of HD) 


1920 


2200 


1080 


1125 
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The encoded images may have a resolution different from the 
scanning resolution because (a) a few samples on either side of the 
active area are not sent and/or (b) the image is simply encoded at 
a scaled resolution. For example, a video bit stream may be 
5 encoded at a resolution of 1920x1080 (e.g., corresponding exactly 
to the 1080i scanning standard) . The encoded bit stream may be 
decoded and presented as a 1080i stream without modification. In 
another example, a video bit stream may be encoded at a resolution 
of 720x480 (e.g., approximately corresponding to the 480i scanning 
10 standard) . The encoded bit stream may be presented as a 480i 
stream by the addition of three lines with black or some other 
solid color. 

In general, the decoding circuits 30 and 50 may be 
configured to generate video streams with standard scanning 

15 resolutions in response to encoded bit streams having a variety of 
resolutions. For example, a video bit stream encoded at a 
resolution of 704x480 may be presented as a 480i stream by the 
addition of three lines and sixteen columns with black or some 
other solid color; a video bit stream encoded at a resolution of 

20 480x480 may be presented as a 480i stream by up-sampling the bit 
stream horizontally to 720 pixels (e.g., a 2:3 up-sample) and by 
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adding three lines with black or some other solid color; a video 
bit stream encoded at a resolution of 720x480 may be presented as 
a lOBOi stream by up-sampling vertically by a ratio equal to 
1080/483 and horizontally by a ratio equal to 1920/720. Missing 
lines (because the video is up-sampled by a ratio of 1080/483, 1080 
lines are needed, but only 480 lines were present at the start) may 
be filled in with black or some other solid color. 

The circuit 30 may be configured to generate both SD and 
HD outputs. However, because the scaled data is read from the 
memory 34, implementation of two or more outputs with different 
resolutions generally increases the size of the memory 34. The 
circuit 50 may be configured to generate both SD and HD outputs, 
but only if the video is read separately for each resolution (SD 
and HD) . The reason is that, as can be determined from TABLE 1, 
the fraction of the picture that is active vertically is 92% for 
480i (e.g., 483/525) scanning format but 96% for 1080i (e.g., 
1080/1125) scanning format. Because 1080i and 480i video have the 
same frame rate, active data is needed faster" for the SD output 
than for the HD output. For example, for a frame rate of 30/1.001 
frames/second, the active region of a 480i field takes 
483/525/2/(30/1.001) seconds (about 15.34 ms) , but the active 

10 
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region of the HD field takes 1080/1125/2/(30/1.001) seconds (about 
16 . 02 ms) . 

Referring to FIG. 5, a block diagram of a circuit 100 is 
shown illustrating a video decoder in accordance with a preferred 
5 embodiment of the present invention. The circuit 100 may be 
configured to generate both SD and HD outputs from a single read. 
The circuit 100 may comprise a decoding portion 102 and a memory 
portion 104. In one example, the memory portion 104 may be 
implemented as an external memory with respect to the decoding 

10 portion 102. The decoding portion 102 may have an input 106 that 
may receive a signal (e.g., IN) and a number of outputs 108a-108n 
that may present a number of signals (e.g., OUTa-OUTn) . In one 
example, the circuit decoding portion 102 may be implemented with 
two outputs (e.g., a SD output and a HD output) . The signal IN may 

15 be implemented as an encoded video signal. The signals OUTa-OUTn 
may be implemented, in one example, as analog or digital video 
signals- Each of the signals OUTa-OUTn may be implemented with a 
different resolution and/or fraction of active region. In one 
example, one of the signals OUTa-OUTn (e.g., OUTa) may comprise a 

20 standard definition (SD) video signal and another of the signals 
OUTa-OUTn (e.g., OUTn) may comprise a high definition (HD) video 
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signal. The images represented by the signals OUTa-OUTn may have 
different active areas. For example, a DVD player including the 
circuit 100 may play a disk (encoded at whatever resolution) such 
that both a SD output and a HD output simultaneously show the video 
at the correct resolution after scaling. 

When the memory 104 is implemented as an external memory, 
the circuit 102 may further comprise an output 112 that may present 
a signal (e.g., DCD_OUT) to an input 114 of the memory 104 and an 
input 116 that may receive a signal (e.g., DCD_IN) from an output 
118 of the memory 104. The signals DCD_OUT and DCD_IN may, in one 
example, comprise digital video signals. In one example, the 
memory 104 may be implemented as an image buffer of a video 
decoding apparatus. The circuit 100 may be implemented as part of 
a set top box, a DVD player, or any other video device. 

The circuit 102 may comprise a circuit 120, a circuit 122 
and a circuit 124. The circuit 120 may be implemented as a decoder 
circuit. The circuit 122 may be implemented as a scaler circuit. 
The circuit 124 may be implemented as a video generator circuit. 
The circuit 12 0 may have an input that may receive the signal IN 
and an output that may present the signal DCD_OUT. The circuit 120 
may be configured to generate the signal DCD_OUT in response to the 

12 
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signal IN. The circuit 120 may be compliant with one or more 
encoding standards {e.g., iyiPEG-2, MPEG-4, H.264, etc.). 

The circuit 122 may be configured to receive the signal 
DCD_IN. The circuit 122 may have a number of outputs 126a- 126n 
that may present a number of intermediate signals (e.g., INTa- 
INTn) . Each of the signals INTa-INTn may be presented to a 
corresponding input of the circuit 124, The circuit 124 may be 
configured to generate the signals OUTa-OUTn in response to the 
signals INTa-INTn. In one example, the circuit 124 may comprise a 
number of circuits 128a-128n. Each of the circuits 128a-128n may 
be configured to generate one of the signals OUTa-OUTn in response 
to one of the signals INTa-INTn, respectively- In one example, the 
circuits 128a-128n may comprise video digital-to-analog converters. 

The signal IN is generally decoded and stored to the 
memory 104. The decoded video may be read in from the memory 104, 
scaled for two resolutions (e.g., SD and HD) and displayed in two 
resolutions. The video data may be scaled in response to 
predetermined parameters such that each output is generally fed at 
about the same rate. However, when the video outputs have 
different fractions of active display, either one output displays 
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as a shrunken picture or one output displays as an expanded 
picture . 

For example, a video frame stored with 1080 lines may be 
unsealed for output at the HD resolution and scaled by a ratio of 
525/1125 = 7/15 for output at the SD resolution. The scaling of 
the video frame for output at the SD resolution generally produces 
1080 * 7 / 15 = 504 lines. However, only 483 lines may be placed 
in the active region of the SD output. Because the displayed image 
contains only 483 lines of the 504 lines, the image generally 
appears larger vertically. A substantially similar distortion is 
generally introduced horizontally, such that the picture is larger 
but has the correct aspect ratio. Because the picture is larger, 
less of the picture is generally visible (e.g., about 4% of the 
picture in each direction is generally not shown) . However, the 
missing (or unshown) portion may not be very noticeable to a casual 
viewer . 

In a second example, a video frame stored with 1080 lines 
may be scaled by a factor of 483/1080 to produce 483 lines for the 
output at the SD resolution, and by (483/1080) * (1125/525) to 
produce 1035 lines of active output at the HD resolution. The 
remaining 1080-1035 = 45 lines generally do not contain picture 

14 
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information (e.g., the lines may be filled with black or another 
solid color) . When viewed on a consumer monitor or TV, the black 
is generally not visible; instead the viewer sees more of the 
picture than usual but the contents in the picture generally appear 
smaller. 

In a third example, a video frame stored with 240 lines 
may be scaled by a ratio of 1080/240 = 9/2 for the output at the HD 
resolution and scaled by a ratio of 1080/240 * 525/1125 = 21/10 for 
the output at the SD resolution. Such scaling generally produces 
1080 active lines for the HD output and 240 * 21 / 10 = 504 lines 
for the SD output. Because only 483 are generally available in the 
active region of the SD output, the SD image generally appears 
larger vertically. A substantially similar distortion is generally 
introduced horizontally, so that the picture is larger but has the 
correct aspect ratio. Because the picture is larger, less of the 
picture is generally visible. For example, about 4% of the picture 
(in each direction) is generally not shown. However, the missing 
portion of the picture is generally not very noticeable to a casual 
viewer. 

In an example where two outputs are implemented, the 
range of scaling ratios may be expressed by the following 

15 
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equations, where L represents the number of lines in video to be 
scaled to resolutions 1 and 2; ACT_1 represents the number of 
active lines for video resolution 1; ACT_2 represents the number of 
active lines for video resolution 2; Tot_l represents the number of 
total lines for video resolution 1; Tot_2 represents the number of 
total lines for video resolution 2; Sca_l represents the factor by 
which video at resolution 1 is scaled; Sca_2 represents the factor 
by which video at resolution 2 is scaled. 

In order to be able to read each picture once and scale 
the picture for both resolutions, the scaling factors are generally 
selected according to the following relationship: 

Sca__2/Sca_l = Tot_2 / Tot_l . 
The actual - scaling ratios used may be determined according to 
different predetermined criteria. In a first embodiment, the 
scaling factors may be optimized for resolution 1. For example, 
the factor Sca_l may be set such that the L lines are scaled to 
produce ACT_1 active lines for output 1. Such an optimization is 
generally summarized in the following equations: 
Sca_l = ACT_1 / L; 

Sea 2 = ACT_1 / L * Tot_2 / Tot_l . 
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In another embodiment, the factors may be optimized for 
resolution 2, For example, the factor Sca_2 may be selected such 
that the L lines are scaled to produce ACT_2 active lines for 
output 2. Such an optimization is generally summarized in the 
following equations: 

Sca_2 = ACT_2 / L; 

Sca_l = ACT_2 / L * Tot_l / Tot_2 • 

In yet another embodiment, the factor Sca_l may be chosen 
as a ^'compromise" solution (e.g., a number in between the value 
selected in the first embodiment and the value selected in the 
second embodiment) . In general, a compromise solution balances the 
effect of scaling on the two outputs. For example, when a 
compromise solution is employed, the scaling for resolution 1 is 
generally worse when compared to the first embodiment but better 
when compared to the second embodiment. However, the scaling for 
resolution 2 is generally better when compared to the first 
embodiment but worse when compared to the second embodiment. 

Referring to FIG. 6, a block diagram of a circuit 100' is 
shown illustrating a video decoder implemented in accordance with 
an alternative embodiment of the present invention. In general, 
the video decoder 100' may be implemented similarly to the video 

17 
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decoder 100 of FIG. 5 except that the video decoder 100' may 
comprise a scaler circuit 122'. The scaler circuit 122' may 
further comprise an input 130 that may receive a signal (e.g., 
CONFIG) that may configure one or more scaling factors used when 
generating the signals INTa-INTn. 

In one example, the signal CONFIG may be generated in 
response to strapping options on a circuit board, bond options, dip 
switch settings, values stored in a memory and/or a user input. In 
one example, the signal CONFIG may comprise a user programmable 
signal configured to select between predetermined scaling factors 
employed by the scaler circuit 122' . The scaling generally remains 
constrained by the relationship Sca_2/Sca_l = Tot_2 / Tot_l. The 
constraint generally ensures that scaling for both resolutions 1 
and 2 may occur with a single read from memory. In one example, 
the circuit 100' may be configured to allow the user (i) to 
optimize scaling for the resolution of output 1 or (ii) to optimize 
scaling for the resolution of output 2. 

Referring to FIG. 7, a block diagram of a circuit 100'' 
is shown illustrating a video decoder implemented in accordance 
with another alternative embodiment of the present invention. In 
general, the video decoder 100'' may be implemented similarly to 

18 
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the video decoder 100' of FIG. 6 except that the video decoder 
100'' may comprise a scaler circuit 122''. The scaler circuit 
122'' may further comprise an input 132 that may receive a signal 
(e.g., USER_INPUT) from an external source. The circuit 122'' may 
configure one or more scaling factors used when generating the 
signals INTa-INTn in response to the signal USER__INPUT. In one 
example, the signal USER_INPUT may comprise one or more user 
programmable scaling factors employed by the scaler circuit 122'' . 

Referring to FIG. 8, a flow diagram 2 00 is shown 
illustrating a scaling process in accordance with the present 
invention. The process 200 may begin by initializing a number of 
parameters for configuring and/or controlling the scaling process 
(e.g., the block 202) . Video data may be retrieved from a storage 
device (e.g., the block 204) and scaled for a number of scaled 
video outputs according to the initialized parameters (e.g., the 
block 206) . In general, a single read may be performed to generate 
a plurality of scaled video outputs. A number of analog video 
signals may be simultaneously generated in response to the 
plurality of scaled video outputs (e.g., the block 208). 

The present invention may allow devices (such as digital 
set-top boxes and DVD players) to have both standard definition 
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(SD) and high definition (HD) outputs (e.g., 480i and lOBOi) . 
Moreover, both of the outputs may be ''live" at the same time. 
Although the present invention has been described using scanning 
resolutions of 480i and 10801, the present invention is applied to 
other scanning resolutions as well. For example, the HD output may 
be configured to present a 720p compliant signal. 

The function performed by the flow diagram of FIG. 8 may 
be implemented using a conventional general purpose digital 
computer programmed according to the teachings of the present 
specification, as will be apparent to those skilled in the relevant 
art(s). Appropriate software coding can readily be prepared by 
skilled programmers based on the teachings of the present 
disclosure, as will also be apparent to those skilled in the 
relevant art(s) . 

The present invention may also be implemented by the 
preparation of ASICs, FPGAs, or by interconnecting an appropriate 
network of conventional component circuits, as is described herein, 
modifications of which will be readily apparent to those skilled in 
the art (s) . 

The present invention thus may also include a computer 
product which may be a storage medium including instructions which 
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can be used to program a computer to perform a process in 
accordance with the present invention. The storage medium can 
include, but is not limited to, any type of disk including floppy 
disk, optical disk, CD-ROM, and magneto-optical disks, ROMs, RAMs, 
5 EPROMs, EEPROMs, Flash memory, magnetic or optical cards, or any 
type of media suitable for storing electronic instructions. 

As used herein, the term ''simultaneously" is meant to 
describe events that share some common time period but the term is 
not meant to be limited to events that begin at the same point in 

10 time, end at the same point in time, or have the same duration. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments thereof, it 
will be understood by those skilled in the art that various changes 
in form and details may be made without departing from the spirit 

15 and scope of the invention. 
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